This study investigated the impact of changes in psychosocial work characteristics on insulin resistance (IR) among Japanese male workers. Methods: Subjects were 1,815 male workers who received a comprehensive health examination and requested measurement of their serum insulin level in Fiscal Years (FY) 2008 and 2011. Psychosocial work characteristics, including job demands, job control, and workplace social support ( from supervisors and coworkers ) , were assessed in each of the job demands-control and demandcontrol-support models. Psychosocial work characteristics were assessed by the Brief Job Stress Questionnaire. Changes in the psychosocial work characteristics were measured by creating a four-category variable for each of the psychosocial work characteristics: (1) stable low group, (2) increased group, ( 3 ) decreased group, and (4) stable high group. We defined IR as a value of 2.5 or more on the homeostasis model assessment of insulin resistance (HOMA-IR), or having a diagnosis of diabetes. A series of multiple logistic regression analyses were conducted. Results: The group experiencing a decrease in supervisor support had a significantly higher risk of having IR compared to the stable high group with an odds ratio (OR) of 2.44; 95% CI: 1.48-4.02. After adjusting for covariates, this significant association was unchanged; the OR was 2.19; 95% CI: 1.23-3.91. On the other hand, there was no significant association of changes in the psychosocial work characteristics, expect for decrease in supervisor support, with IR. Conclusions: A decrease in supervisor support was found to be an independent risk factor for worsening IR.
Introduction
The number of people with Type 2 diabetes is growing rapidly worldwide. According to the International Diabetes Federation (IDF) report 1, 2) , 387 million (8.3%) adults have been diagnosed with diabetes (including Type 1 and Type 2 diabetes) worldwide. Furthermore, the number of people with diabetes will exceed 592 million within 25 years. The Western Pacific Region, including Japan, has the largest number (138 million) of diabetic adults, and the number of diabetic adults in this region is expected to increase to 218 million by 2035. In Japan, 7.2 million people have diabetes and Japan has the 10 th highest prevalence rate of diabetes in the world. Diabetes imposes a large economic burden on individuals and their families, on national health systems, and on countries. Health spending on diabetes accounted for 11% of total health expenditures worldwide in 2014 2) . Global health spending to treat diabetes and manage complications totaled at least USD 612 billion in 2014 2) . Notably, half of all adults with diabetes are between the ages of 40 and 59 years and almost all diabetic adults in this age group suffer from Type 2 diabetes 3) . This middle-aged group, who are in the prime of life, will continue to comprise the greatest number of people with diabetes in the coming years. Therefore, the prevention of diabetes among middle-aged people is important in the workplace.
Preceding studies have investigated the risk factors for Type 2 diabetes, including obesity 4) , physical inactivity 5, 6) , smoking 7) , heavy alcohol use 8) , and inadequate duration of sleep 9) . In addition, psychosocial stress resulting from specific psychosocial characteristics in occupational settings has also been hypothesized to increase the risk of Type 2 diabetes 10) . To explain the effects of psychosocial work characteristics on Type 2 diabetes, two kinds of underlying mechanisms are hypothesized. The first mechanism known as a " direct effect " , suggests that psychosocial stress has been linked to increasing serum glucose levels and poor glucose tolerance among diabetic patients 11) . The second mechanism known as an "indirect effect, " suggests that psychosocial stress has been linked to wellestablished Type 2 diabetes risk factors, such as obesity 12) , metabolic syndrome 13) , smoking, alcohol consumption, and physical inactivity 14) . Studies investigating the impact of psychosocial work characteristics on Type 2 diabetes or glucose tolerance, have been conducted using either the job demands-control ( JD-C ) model or the demand-control-support ( DCS ) model, which includes measures of job demands, job control, supervisor support, and coworker support 15, 16) . These studies have been conducted both in domestic and overseas settings, however, their findings have been inconsistent and inconclusive 10) . For example, a cross-sectional study of Japanese male workers showed a significant association of job strain (i.e., the combination of high job demands and low job control) and workplace social support with hemoglobin A1c (HbA1c) 17) . On the contrary, another study of Japanese male workers failed to show a significant association of psychosocial work characteristics with Type 2 diabetes assessed by an oral glucose tolerance test 18) . In foreign countries (i.e., other than Japan), two longitudinal studies showed a significant association of high job strain with self-reported or doctor diagnosed Type 2 diabetes 19, 20) . Two other longitudinal studies showed a significant association of high job strain with Type 2 diabetes assessed by an oral glucose tolerance test among women 21, 22) . Furthermore, two cross-sectional studies showed a significant association of high job strain and low job control with Type 2 diabetes among women 23, 24) . However, other three longitudinal and cross-sectional studies failed to show a significant association of psychosocial work characteristics with Type 2 diabetes among men and women [25] [26] [27] . In addition to this inconclusive evidence for the association of psychosocial work characteristics with Type 2 diabetes or glucose tolerance, all of the longitudinal studies introduced above only assessed the psychosocial work characteristics at a single point in time ( i. e. , baseline ) even though these characteristics may change over time. Therefore, when we focus on the psychosocial work characteristics associated with Type 2 diabetes or glucose tolerance, "time-dependent change" of these characteristics should be taken into account.
Furthermore, early diagnosis and treatment of Type 2 diabetes are the most important ways to prevent its progression and its associated complications. Insulin resistance (IR) occurs prior to the onset of Type 2 diabetes; therefore, improving IR may delay or prevent the onset and/or progression of Type 2 diabetes and identifying the psychosocial work characteristics associated with IR is of great importance for workers. In order to quantify IR, the gold standard is the glucose clamp technique. However, this technique is procedurally complicated and is difficult to complete 28) . Alternatively, a homeostasis model assessment of insulin resistance (HOMA-IR ) has been introduced as one of the most convenient indices to determine IR level. HOMA-IR has a strong correlation with the results of the glucose clamp technique 29) . HOMA-IR has been used as a measure of IR to determine the association of IR with the onset of coronary heart disease 30) as well as to determine the association between IR and circulating adipocytokines such as plasma resistin or leptin 31) . To the best of our knowledge, however, the association of psychosocial work characteristics with IR measured by HOMA-IR has not been fully investigated.
The purpose of this study was to investigate the impact of changes in the psychosocial work characteristics on IR. Changes in psychosocial work characteristics were measured using the JD-C and DCS models over three years. We hypothesized that; (1) workers who experienced a favorable change in psychosocial work characteristics would decrease their risk of elevating their level of IR, and (2) workers who experienced an unfavorable change in psychosocial work characteristics would increase their risk of elevating their level of IR.
Methods

Participants
Participant data was collected from annual comprehensive health examinations conducted on workers in a health care center in the Kanto (east coast) region of Japan in fiscal years (FY) 2008 and 2011. A comprehensive health examination has been conducted on workers for 35 years or more in this health care center, and at the time of examination, the examinees could request a check on their serum insulin level. The data were collected on serum analysis of IR, a physical examination, and a selfadministered questionnaire, which included scales on job demands, job control, and social support in the workplace.
Due to the small sample size of female workers, we used the health examination data of male workers only, which included the serum insulin level measured in FY 2008 and 2011. At baseline ( FY 2008 ) , 29,586 male workers underwent a comprehensive health examination, and of these, a total of 6,128 workers requested to measure the serum insulin level. Of 6,128 workers, 1,359 workers were excluded from the study for the following reasons: past history of diabetes, fasting plasma glucose (FPG) level ! 126 mg/dL and HbA1c ! 6.5 %, as indicated by the National Glycohemoglobin Standardization Program (NGSP) units (diagnostic criteria for diabetes) 32) , or an IR value ! 2.5, as measured by HOMA-IR. Moreover, we excluded 520 shift workers, who are reported to have a higher risk of diabetes 33) . After further excluding 877 workers who had one or more missing questionnaire responses, 3,372 workers were eligible for a follow-up survey. Of 3,372 workers, 1,816 workers requested to measure the serum insulin levels at the time of the follow-up survey, in FY 2011. Furthermore, we excluded one worker who had FPG levels of 140 mg/dL or more, because the association of FPG with IR is weakened when the FPG is 140 mg/dL or more 32) . Therefore, the number of study participants was 1,815. Compared to the final sample (n=1,815), the dropout sample (n=1,557) had significantly higher prevalence of current smokers, lower alcohol consumption, lower BMI, higher HbA1c, and lower job demands. Demographic and occupational characteristics and lifestyle behaviors of participants are shown in Table 1 . Glucose metabolism and psychosocial work characteristics of participants are shown in Table 2 .
The study protocol was approved by the Ethics Committee of the Hitachi, Limited Ibaraki Hospital Group (Ibaraki, Japan) in 2008 and 2011. Written informed consent was obtained from all participants.
Measures
1) Psychosocial work characteristics
Based on the JD-C or DCS model 15, 16) , psychosocial work characteristics included job demands, job control, and workplace social support (i.e., supervisor support and coworker support). We assessed psychosocial work characteristics using the Brief Job Stress Questionnaire (BJSQ) 34) . The BJSQ includes four three-item scales: (1) the job demands scale (Cronbach's α coefficient was 0.67 and 0.72 at baseline and follow-up, respectively), (2) the job control scale (Cronbach's α coefficient was 0.78 and 0.77 at baseline and follow-up, respectively), (3) the supervisor support scale (Cronbach's α coefficient was 0.84 and 0.85 at baseline and follow-up, respectively), and (4) the coworker support scale (Cronbach's α coefficient was 0.79 and 0.82 at baseline and follow-up, respectively ) , each with a response range of 3-12. We also calculated the job demands/control ratio (range 0.25-4.00) to quantify the degree of job strain 35) . High exposure to job control and workplace social support, and low exposure to job demands and job strain were considered beneficial.
The participants were dichotomized into high and low groups relative to the median of each scale score or job demands/control ratio at baseline and follow-up, respectively.
According to a preceding study 36) , changes in psychosocial work characteristics were measured by creating a four-category variable for each psychosocial work characteristic: (1) stable low group (low group at both baseline and follow-up), (2) increased group (low group at baseline with high group at follow-up), (3) decreased group (high group at baseline with low group at follow-up), and (4) stable high group (high group at both baseline and follow-up). We defined the decreased group as a favorable change group in terms of job demands and job strain, whereas we defined the increased group as a favorable change group in terms of job control, supervisor support, and coworker support. Detailed demographic and occupational characteristics and lifestyle behaviors of participants at baseline, according to changes in psychosocial work characteristics, are shown in Appendices A-E.
2) Glucose metabolism
All participants were assessed for FPG, HbA 1 c, and immuno-reactive insulin ( IRI ) levels. We calculated HOMA-IR using the HOMA model (HOMA-IR = FPG [mg/dL] * IRI [μU/mL] / 405) 29) . Participants were dichotomized using the recommended cut-off value of HOMA-IR for the Japanese population 32) into those with IR (! 2.5 on HOMA-IR) and those without IR (<2.5 on HOMA-IR).
The quality of each biochemical test was assessed by internal and external quality control methods. For the internal quality control method, we first calculate the mean (M), standard deviation (SD), and coefficient variation (CV) for the control sample. Subsequently, we measured the control sample daily before measuring the specimen sample to check the difference between M, SD, and CV scores of the specimen sample and the control score set in advance. FPG was measured using the electrode method (GA082, A&T Corporation, Kanagawa, Japan) and the reagent was calibrated once per day. HbA1c was measured by high performance liquid chromatography ( HPLC ) method (G9, Tosoh Corporation, Tokyo, Japan) and the reagent was calibrated once per week. IRI was measured by the chemiluminescence immunoassay (CLIA) method (i1000SR, Abbott Japan, Co., Ltd, Tokyo, Japan) and the reagent was calibrated once a month. For the external quality control method, we measured M, SD and CV in control samples sent from quality control organizations (e.g., Japan Medical Association, Tokyo, Japan) and reported the results to the organizations. Subsequently, we received feedback from the organizations on the M, SD, and CV scores.
3) Other covariates
Other covariates included demographic characteristics (i.e., age and marital status), occupational characteristics (i.e., department and employment position and occupation ) , psychosocial work characteristics ( i. e. , job demands, job control, supervisor support, and coworker support), lifestyle behaviors (i.e., smoking history, alcohol consumption, exercise habits, and sleeping hours ) , and body mass index (BMI) at baseline, and changes in lifestyle behaviors during the follow-up period. Except for the BMI, these covariates were assessed using a selfadministered questionnaire. Age was classified into four groups: 35-39 years old, 40-49 years old, 50-59 years old, and 60 years old or older. Marital status was classified into three groups: currently married, never married, and divorced or widowed. Department was classified into 12 groups using the original classification in the questionnaire (see Table 1 ). Employment position and occupation was classified into five groups: manager, main career track, general clerk, nonclerical workers, and others. Psychosocial work characteristics at baseline, such as scores of job demands, job control, supervisor support, and coworker support, were used as continuous variables. Smoking history was classified into two groups: non smoker and current smoker. Alcohol consumption was classified into three groups using the tertile: 44 g/wk or less, 45-154 g/wk, and 155 g/wk or more. Exercise habits were classified into two groups: yes or no. Sleeping hours were classified into four groups: <5 hours, ! 5 hours to <6 hours, ! 6 hours to <7 hours, and ! 7 hours. BMI was classified into three groups using the tertile: 22.5 kg/m 2 or less, 22.6-24.6 kg/m 2 , and 24.7 kg/m 2 or more. Changes in lifestyle behaviors were classified into three or four categories using data from each lifestyle behavior at baseline and follow-up. Changes in smoking history were classified into four groups : continuing smoker, continuing non-smoker, quitter, and initiator or relapsed quitter. Changes in alcohol consumption were classified into three groups: no change, increased, and decreased. Changes in exercise habits were classified into four groups : continual exercising, never exercised, stopped exercising, and commenced exercise. Changes in sleeping hours were classified into three groups : no change, increased, and decreased.
Statistical analysis
According to a preceding study 36) , using the stable low group or stable high group as a reference, a series of multiple logistic regression analyses were conducted to estimate the ORs and 95% confidence intervals (CIs) of IR (defined as having a diagnosis of diabetes, meeting the diabetes diagnostic criteria described earlier, or having a value of 2.5 or more on HOMA-IR at follow-up) for increased or decreased group of each psychosocial work characteristic. In the analyses, we first calculated the crude ORs (i.e., without any adjustment) (Model 1). We then adjusted for demographic characteristics ( i. e. , age and marital status) (Model 2), and subsequently for occupational characteristics (i.e., department and employment position and occupation ) ( Model 3 ) , for psychosocial work characteristics at baseline (i.e., scores of job demands, job control, supervisor support, and coworker support) (Model 4), for lifestyle behaviors at baseline (i. e., sleeping hours, smoking history, alcohol consumption, and exercise habits) (Model 5), for BMI (Model 6), and 
Results
The mean score of HOMA-IR was 1.24 (SD=0.54) at baseline and 1.42 (SD=0.68) at follow-up, respectively ( Table 2 ). The prevalence of workers with IR at followup was 7.5% ( n = 136 ) . Of 136 workers with IR, 111 workers had a value of 2.5 or more on HOMA-IR, nine workers had a diagnosis of diabetes, two workers met the diabetes diagnostic criteria, and 14 workers met these requirements redundantly. The prevalence of IR at followup by changes in psychosocial work characteristics is shown in Table 3 .
For supervisor support, the multiple logistic regression analyses revealed that the decreased group had a significantly higher OR for IR compared to the stable high group (Model 1) (OR=2.44; 95% CI: 1.48-4.02) ( Table  4 ). This pattern was unchanged after adjusting for demographic characteristics (Model 2), occupational characteristics ( Model 3 ) , psychosocial work characteristics at baseline (Model 4), and lifestyle behaviors at baseline (Model 5). After also adjusting for BMI and changes in lifestyle behaviors, the association was attenuated but still statistically significant (Models 6 and 7).
For job control, the increased group had a marginally significantly lower OR for IR compared to the stable low group (OR=0.55; 95% CI: 0.30-1.03). After adjusting for covariates (Models 2-7), however, this association was no longer marginally significant.
There was no significant association of change in job demands, job strain (job demands/control), or coworker support with IR before or after adjusting for any covariates. 
Discussion
In this study, we found a significant association between decreasing supervisor support and IR. This significant association was unchanged after adjusting for any covariates. There was no significant association observed between changes in the other psychosocial work characteristics and IR.
In the present study, the group that experienced a decrease in supervisor support had a significantly higher OR for IR compared to the group in which supervisor support remained stable and high. This finding is consistent with a preceding cross-sectional study of Japanese male workers, which showed a negative and significant association of workplace social support with HbA1c 17) . The present study replicated this evidence using a longitudinal design especially in the situation where unfavorable change in supervisor support occurs.
As we introduced earlier, the mechanism of the effect of psychosocial stress on Type 2 diabetes has been hypothesized to have one of two effects, and these include a "direct effect" or an "indirect effect" [11] [12] [13] [14] . We investigated these effects by adjusting for lifestyle behavior at baseline and for BMI, as well as for changes in lifestyle behaviors as covariates, in a series of multiple logistic regression analyses. As a result, the significant association of decreasing supervisor support with IR was observed even after adjusting for lifestyle behaviors at baseline (Model 5) (OR=2.40; 95% CI: 1.37-4.19), BMI (Model 6) (OR= 2.18; 95% CI: 1.24-3.86), and changes in lifestyle behaviors (Model 7) (OR=2.19; 95% CI: 1.23-3.91) while the association was slightly attenuated compared to Model 4 (OR=2.59; 95% CI: 1.50-4.46). Similar trends were observed in a preceding study on UK civil servants 21) . These findings suggest that the association of decreasing supervisor support with increasing IR is partially mediated by BMI and lifestyle behaviors as well as by their time dependent changes, and that such a mediation (or indirect) effect is minimal.
In contrast, we found no significant association of increasing supervisor support with IR. This finding may be explained by a traditional two-factor theory, sometimes known as Herzberg's motivation-hygiene theory 37) . In this theory, hygiene factors, including the workers relationship with a supervisor, does not provide positive satisfaction, though dissatisfaction results from their absence. For that reason, a decrease in supervisor support would affect IR, but an increase in supervisor support would not necessarily prevent IR. Furthermore, we did not find a significant association of changes in coworker support with IR. The vertical principle in Japanese society may explain this finding 38) . In the Japanese workplace, vertical relationships remains deeply rooted while horizontal relationships are relatively weak compared to those in other countries, therefore, changes in supervisor support rather than changes in coworker support, may have a greater impact on IR.
There was no significant association between changes in job demands, job control, or job strain and IR. Since we surveyed middle-aged male workers who received a comprehensive health examination and had their level of serum insulin checked, they may have had enough time and money to have an "optional" health examination and had higher levels of health awareness. In fact, the present sample had lower levels of job demands and job strain and higher levels of job control, compared to those who received only mandatory annual health examination in the same health care center (data not shown), which may lead to non-significant association of a change in job demands, job control, or job strain with IR.
Our study has several strengths. First, this is the first longitudinal study based on the JD-C or DCS models, which investigates the association of changes in psychosocial work characteristics with IR. Most preceding longitudinal studies measured the psychosocial work characteristics only once, which would not assess whether psychosocial work characteristics had changed. Second, we demonstrated the association of psychosocial work characteristics with IR measured by HOMA-IR as an objective variable. Almost all the preceding studies showed the association of psychosocial work characteristics with Type 2 diabetes. We focused on the earlier and reversible level of worsening glucose metabolism using HOMA-IR. High supervisor support may prevent worsening IR in occupational settings.
Some possible limitations to this study must be considered. First, as mentioned earlier, we surveyed only male workers who received a comprehensive health examination and requested to have their serum insulin level checked. In a future study, we need to reduce the potential for selection bias by measuring the serum insulin level at random among all of the people ( men and women) who completed an annual health examination. Second, the present sample came from one big manufacturing company group in Japan. Therefore, generalization of the findings should be done with caution. Third, although we excluded those who had been diagnosed with diabetes at baseline from the study, past history of other kinds of diseases could not be considered or adjusted, which may mask the true association because those who had suffered from some kind of disease might have experienced higher levels of job resources (especially supervisor support). Future research should consider the effects of various medical history and/or workplace consideration on the present findings. Fourth, while we adjusted for exercise habits during leisure time, this was assessed by a single item questionnaire with a dichotomous option. Furthermore, the level of physical activity during working hours could not be adjusted; however, it might be possi-ble to partially adjust for this variable by including occupational characteristics in the statistical model. In the future, we would measure the occupational and leisure time metabolic equivalents (METs) to assess physical activity levels more precisely. Fifth, we could not discriminate Type 1 diabetes and Type 2 diabetes clearly. In the present study, we surveyed middle-aged male workers, excluding those who had been diagnosed with diabetes at baseline to reduce the influence of juvenile-onset Type 1 diabetes as possible. Finally, due to investigational circumstances (i.e., difficulties with following up subjects over a longer period of time), we investigated the association of changes in psychosocial work characteristics with IR over a three-year period only. Earlier longitudinal studies on the association of psychosocial work characteristics with Type 2 diabetes used a 6-15 year follow-up period [19] [20] [21] 27) . However, since our outcome variable was IR, which is a preliminary stage of Type 2 diabetes, the threeyear follow-up period (i.e., shorter than six years) is reasonable and valid. However, further studies are needed to confirm a more appropriate duration of follow-up periods for assessing the effects of changes in psychosocial work characteristics on IR.
Conclusions
To the best of our knowledge, this is the first study to assess the association of changes in psychosocial work characteristics with IR. The present study showed that a decrease in supervisor support was an independent risk factor of worsening IR. Furthermore, high supervisor support may reduce the risk of Type 2 diabetes in the future. 
